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(54) Liquid ejecting method, liquid ejecting head and liquid ejecting apparatus 



(57) A liquid ejection method wherein a bubble is 
created in the liquid on a heat generating member pro- 
vided on a substrate by thermal energy generated by 
the heat generating member, by which a droplet of the 
liquid is ejected, the method comprising the steps of 



contacting to the substrate such a portion of gas-liquid 
interface between the bubble and the liquid as is not 
contacted to the substrate by deformation of the bubble: 
and causing the bubble to be in fluid communication with 
ambiance simultaneously with or after the contact be- 
tween the portion and the substrate. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] The present invention relates to a liquid eject- 
ing method, a liquid ejecting head, and a liquid ejecting 
apparatus, which record an image on a piece of record- 
ing medium by ejecting liquid in the form of a droplet so 
that the liquid adheres to the recording medium. 
[0002] A liquid ejecting recording method for record- 
ing an image by adhering liquid to a piece of recording 
medium by ejecting liquid in the form of a droplet from 
an ejection orifice with the use of thermal energy is su- 
perior to the other recording methods in that it can record 
a high quality image, it can record in high resolution, it 
can record at a high speed, it can record with low noise, 
it can easily record in color, and it can record on ordinary 
paper. 

[0003] In order to produce a high quality image with 
the use of a liquid ejecting recording method, it is nec- 
essary to stabilize the volume by which liquid is ejected 
in the form of a droplet. Therefore, a liquid ejecting re- 
cording method has been devised in various ways. For 
example, according to the method proposed in Japa- 
nese Laid-Open Patent Application No. 10941 or the 
like, a bubble is generated in the liquid in a liquid path 
leading to an ejection orifice, with the use of thermal en- 
ergy, and the liquid in the liquid path is ejected from the 
ejection orifice while allowing the bubble to open into the 
atmosphere under a condition that the linear differential 
value of the velocity, at which the leading end of the bub- 
ble in terms of the direction in which the bubble is eject- 
ed, is negative. In a liquid ejecting head which employs 
this method, the distance from the heater for generating 
thermal energy to an ejection orifice is relatively short. 
Therefore, a liquid ejecting head which employs this 
method is better than the prior liquid ejecting head in 
terms of the ratio of the electrical energy given to the 
heater relative to the amount of work accomplished by 
the bubble. In other words, this liquid ejecting method is 
superior to the prior liquid ejecting methods in terms of 
energy efficiency. Further, in the case of this method, 
the liquid present between the heater and the ejection 
orifice is almost entirely ejected, which makes this meth- 
od superior to the prior methods in terms of the uniform- 
ity of the volume by which liquid is ejected each time. 
[0004] However, there was much to be improved in 
the conventional liquid ejecting technology such as the 
one described above. For example, the conventional 
technologies can reduce the amount of splashing or 
misting of the liquid, by ejecting the liquid droplet while 
allowing a bubble to open into the atmosphere under the 
condition that the linear differential value of the velocity 
of the leading end of the bubble in terms of the liquid 
ejecting direction is negative. In other words, the con- 
ventional technologies can prevent image quality from 
being reduced by the splashing or misting of the liquid. 
However, the conventional technologies leave much to 



be desired in terms of the amount by which they reduce 
the image quality degradation by preventing the splash- 
ing or misting of the liquid. 

[0005] Further, in the case of the conventional liquid 

5 ejecting method, at the time of liquid ejection, a small 
column of liquid is formed for an extremely short period 
of time at the center portion of an ejection orifice, and 
the point at which a bubble becomes connected to, or 
integrated with, the atmosphere is mostly adjacent to 

10 this column of liquid. In other words, a bubble comes in 
communication with, or becomes integrated with, the at- 
mosphere at a point away from the center of the ejection 
orifice. As a result, the trailing end of a bubble does not 
align with the center of the ejection orifice. This affects 

15 the direction in which the liquid droplet flies, affecting 
thereby the accuracy with which the liquid droplet lands 
on the target point on the recording medium. Also in 
terms of this aspect of liquid ejection, the conventional 
technologies must be greatly improved to keep record- 

20 ing quality at a high level. 

[0006] As described above, preventing liquid from be- 
ing splashed or misted, and also improving the accuracy 
with which each liquid droplet lands on the target point 
on recording medium, so that recording quality is further 

25 improved, are extremely important objects for a liquid 
ejection method. 

SUMMARY OF THE INVENTION 

30 [0007] A primary aspect of the present invention pro- 
vides a liquid ejecting method, a liquid ejecting head, 
and a liquid ejecting apparatus, which are stable in 
terms of the volume by which liquid is ejected each time, 
the velocity at which liquid is ejected, and the point on 

35 which the liquid lands. 

[0008] Another aspect of the present invention pro- 
vides a liquid ejecting method, a liquid ejection head, 
and a liquid ejecting apparatus, which can prevent the 
ejected liquid droplet from splashing or misting. 

40 [0009] Another aspect of the present invention pro- 
vides a liquid ejecting method, a liquid ejecting head, 
and a liquid ejecting apparatus, which make it possible 
to record at a high level of recording quality. 
[0010] Another aspect of the present invention pro- 

45 vides a liquid ejecting method which ejects liquid in the 
form of a droplet by forming a bubble in the liquid on a 
heat generating member with the use of thermal energy 
generated by the heating member provided on a piece 
of substrate, and which comprises a process in which a 

50 bubble deforms in such a manner that the center portion 
of the bubble wall, or the interface between the liquid 
and vapor, in other words, the bubble wall portion on the 
side opposite to the substrate, makes contact with the 
substrate, and a process in which the bubble opens into 

55 the atmosphere, at its periphery, at the same time, or 
after, the contact between the aforementioned center 
portion of the bubble wall and the substrate. 
[0011] Another aspect of -the present invention pro- 



2 



3 



EP 0 953 445 A2 



4 



vides a liquid ejecting head which comprises a plurality 
of ejection orifices through which liquid is ejected in the 
form of a droplet, a plurality of liquid paths leading to the 
plurality of liquid ejection orifices, one for one, a plurality 
of heat generating members faced, one for one, toward s 
the plurality of liquid ejection orifices to generate the 
thermal energy used for forming bubbles so that liquid 
is ejected from the plurality of liquid ejection orifices, a 
piece of substrate on which the plurality of heating mem- 
bers are disposed, and in which a bubble deforms in 10 
such a manner that the center portion of the bubble wall 
makes contact with the substrate, and a process in 
which the bubble opens into the atmosphere, at its pe- 
riphery, at the same time, or after, the contact between 
the center portion of the bubble wall and the substrate, is 
and also to provide a liquid ejecting apparatus which 
comprises such a liquid ejecting head. 
[0012] According to the present invention, the trailing 
end portion of the column of liquid, that is, a portion of 
the interface between the vapor portion (bubble) and the 20 
liquid, almost perfectly aligns with the central axis of the 
corresponding ejection orifice, at the same time as, or 
preferably before, the bubble opens into the atmos- 
phere. The column of liquid flies away from the ejection 
orifice, following substantially the central axial line of the 25 
ejection orifice, with the trailing end of the column of liq- 
uid remaining in contact with the surface of the corre- 
sponding substrate until the distance between the lead- 
ing end of the column of liquid and the surface of the 
substrate becomes substantial. Therefore, the column 30 
of liquid remains straight, and flies away straight in the 
form of a droplet after it becomes separated from the 
substrate surface. 

[0013] Further, according to the present invention, a 
bubble, or the vapor portion, becomes connected to the 35 
atmosphere, in the liquid path, adjacent to the substrate, 
at the same time as, or preferably immediately before, 
the column of liquid becomes a liquid droplet, that is, at 
the same time, or preferably immediately before, the 
trailing end of the column of liquid is separated from the *o 
liquid in the liquid path, in the ejection orifice, adjacent 
to the substrate surface. Therefore, the liquid is prevent- 
ed from splashing or misting, and should the splashing 
or misting of the liquid ever occur, the splashed or misted 
liquid is prevented from being ejected out of the liquid *s 
path. Further, the liquid is ejected by a constant volume, 
at a constant velocity, and the trailing end of the liquid 
droplet, that is, the trailing end of the column of liquid, 
always behaves the same. Therefore, image quality is 
not derogatorily affected by satellite liquid droplets. As so 
a result, a high quality image can be recorded. 
[0014] Further, according to the present invention, a 
bubble opens into the atmosphere. In other words, the 
process in which a bubble shrinks and perishes does 
not exist. Therefore, the heaters are prevented from be- 55 
ing damaged by cavitation. As a result, a liquid ejecting 
head lasts longer. 

[0015] These and other aspects, features and advan- 



tages of the present invention will become more appar- 
ent upon a consideration of the following description of 
the preferred embodiments of the present invention tak- 
en in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figures 1, (a) - (h), are schematic sectional 
views of an ejection orifice and the adjacencies thereof, 
and depict the sequence in which a bubble is formed, 
and liquid is ejected, by a liquid ejecting method in ac- 
cordance with the present invention. 
[0017] Figures 2, (a) - (h), are schematic sectional 
views of an ejection orifice and the adjacencies thereof, 
and depict the sequence in which a bubble is formed, 
and liquid is ejected, by another liquid ejecting method 
in accordance with the present invention. 
[0018] Figures 3, (a) - (c), are schematic sectional 
views of an ejection orifice and the adjacencies thereof, 
perpendicular to the liquid ejection direction, and depict 
the sequence in which the state of contact between the 
trailing end of the column of ink and the surface of a 
heating member, changes when ink is ejected by one of 
the liquid ejecting methods in accordance with the 
present invention. 

[0019] Figures 4, (a) - (c), are schematic drawings of 
a liquid ejecting head compatible with a liquid ejecting 
method in accordance with the present invention, (a) be- 
ing a schematic perspective view, (b) being a schematic 
top view, and (c) being a schematic sectional view along 
a line B-B in (b). 

[0020] Figure 5 is a sectional view of another liquid 
ejecting head in accordance with the present invention. 
[0021] Figure 6 is a sectional view of another liquid 
ejecting head in accordance with the present invention. 
[0022] Figures 7, (a) - (f), are sectional views of the 
essential portion of a liquid ejecting head in accordance 
with the present invention, and depict an example of a 
method for producing a liquid ejecting head in accord- 
ance with the present invention. 
[0023] Figure 8 is a partially broken perspective view 
of the essential portion of a liquid ejecting apparatus in 
accordance with the present invention. 
[0024] Figure 9 is a block diagram of an example of a 
liquid ejecting apparatus in accordance with the present 
invention. 

[0025] Figure 10 is a perspective schematic view of 
another example of a liquid ejecting apparatus in ac- 
cordance with the present invention, and depicts the es- 
sential portion of the recording system thereof. 
[0026] Figure 11 is a schematic sectional view of the 
essential section of a liquid ejecting head, and depicts 
a liquid ejecting method based on conventional technol- 
ogies. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Hereinafter, the preferred embodiments of the 
present invention will be described with reference to the 
appended drawings. Figures 1, (a) - (h), relate to an em- 
bodiment of the liquid ejecting method in accordance 
with the present invention. They are schematic sectional 
views of the essential portion of a liquid ejecting head 
of the so-called side shooter type, according to which 
an ejection orifice squarely faces a heat generating 
member (hereinafter, "heater"). They depict the se- 
quence in which a bubble is formed, and liquid is eject- 
ed, by a liquid ejecting method in accordance with the 
present invention. The liquid ejection principle de- 
scribed hereinafter is not limited (affected) by whether 
or not the liquid ejection direction is perpendicular to the 
surface of a heater. 

[0028] In these drawings, a referential character 1 
designates a piece of element substrate formed of sili- 
con. On this substrate 1, a heater 2, as a thermal energy 
generating means for generating the thermal energy 
used for ejecting liquid, is formed. There is disposed an 
orifice 5 above the substrate, squarely facing the heater 
2. The orifice 5 is a hole through which liquid is ejected 
in the form of a droplet. This ejection orifice 5 is formed 
in an orifice plate 4 positioned a predetermined dis- 
tance, equal to the height of a side wall 9, away from the 
substrate 1. The space surrounded by the orifice plate 

4, substrate 1 , and side wall 9 constitutes a liquid flow 
path. The liquid flow path is filled with liquid ink 3 which 
is supplied as necessary from an ink supplying portion 
(unillustrated) located on the upstream side of the eject- 
ing orifice 5. There is formed a meniscus M across the 
opening of the ejection orifice 5. A referential character 
6 designates a bubble generated as the ink 3 is substan- 
tially instantaneously heated by the heater 2. A referen- 
tial character 7 designates a portion of the liquid ink, 
which has been caused to swell in the form of a column, 
from the ejection orifice 5, by the pressure from the bub- 
ble 6. A referential character 8 designates the portion of 
the ink having been ejected in the form of a droplet from 
the ejection orifice 5 by the pressure from the bubble 6. 
[0029] Next, referring to Figures 1 , (a) - (h), an em- 
bodiment of the liquid ejecting method in accordance 
with the present invention will be described. 

[0030] Figure 1 , (a), depicts the initial state of a liquid 
ejecting head, that is, the state immediately before the 
liquid ejecting head begins to be driven, in which the 
liquid flow path is filled with the ink 3. Next, referring to 
Figure 1 , (b), as an electric signal is given to the heater 
2 through an unillustrated electrode, the heater 2 gen- 
erates heat, and the ink adjacent to the heater 2 begins 
to boil in the so-called film boiling manner, generating 
thereby a bubble 6. As the volume of the bubble 6 rapidly 
changes (grows), a portion of the ink is caused to swell 
in the form of a column 7 of I iquid from the ejection orifice 

5. The bubble 6 continues to grow for a short while, but 



it suddenly begins to collapse from the center portion, 
due to the balance among the volume of the column of 
ink 7 grown outward from the ejection orifice 5, the in- 
ternal pressure of the bubble 6, and the like, as shown 

£ in Figures 1, (c) and (d). As the bubble 6 shrinks, the 
trailing end N of the column of ink 7, that is, a portion of 
the interface between the bubble 6 (vapor) and the ink 
3, partially comes in contact with the top surface of the 
heater 2 as shown in Figure 1 , (e). In the stage depicted 

10 in Figure 1 , (e), the bubble 6 is substantially in the form 
of a ring. 

[0031] Normally, when designing a sideshooter type 
liquid ejecting head, in which the ejection orifice 5 is dis- 
posed to squarely face the heater 2, the center of the 
15 heater 2 and the center of the ejection orifice are aligned 
with each other. This is because it is assumed that the 
line connecting these two centers constitutes the direc- 
tion in which ink is ejected (single dot line designated by 
a referential character combination A-A in Figure 1 , (f)). 
20 [0032] When the aforementioned portion of the inter- 
face between the bubble (vapor) and the liquid is caused 
to come in contact with the heater 2 on the substrate 1 , 
the location of the contact is desired to be within the pro- 
jection of the outside opening of the ejection orifice 5 
25 upon the substrate 1, or the projection of the inside 
opening of the ejection orifice 5, that is, the opening of 
the ejection orifice 5 on the liquid flow path side, upon 
the substrate 1. It is more desirable if the aforemen- 
tioned portion of the interface is caused to come in con- 
30 tact with the substrate 1 , at the point within both of the 
projections. As long as the point of contact between the 
trailing end of the column of ink 7 and the top surface of 
the heater 2 falls within the aforementioned specific ar- 
ea, the liquid is ejected in the form of a droplet in the 
35 direction substantially along the single dot line A-A in 
Figure 1. In other words, the direction in which liquid is 
ejected is stabilized. 

[0033] Next, referring to Figure 1 , (f), the leading end 
of the column of ink 7 continues to move away (fly away) 

40 from the ejection orifice 5 even after the trailing portion 
of the column of ink 7 comes in contact with the heater 
2. However, at the same time as the trailing end of the 
column of ink 7 contacts the heater 2, or preferably, im- 
mediately after the contact (several microseconds after 

45 the contact, most preferably, between 0.5 to 1 microsec- 
ond after the contact), the bubble 6 is caused to open 
into the atmosphere. This is for the following reason. 
That is, if the bubble 6 is not allowed to comes in com- 
munication, or become integrated, with the atmosphere 

so even after the trailing end of the column of ink 7 comes 
in contact with the heater 2, the trailing end of the column 
of ink 7 comes in contact with the heater 2, at a point 
away from the center of the heater 2, due to the behavior 
of the bubble 6. This affects the direction in which the 

55 column of ink 7 is ejected. As a result, the accuracy with 
which an ink droplet lands on the recording medium is 
affected; it becomes impossible to cause an ink droplet 
to land on a predetermined point on the recording me- 
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dium. Further, after the trailing end of the column of ink 
7 contacts the heater 2, the bubble 6 remains intact for 
a brief moment, and then collapses. As the bubble 6 col- 
lapses, the internal pressure of the liquid flow path sud- 
denly changes, causing the liquid flow path to be dam- 
aged by cavitation, which is serious problem. Thus, in 
order to prevent this kind of problem, it is important that 
the bubble 6 is allowed to become integrated with the 
atmosphere at the same time as the trailing end of the 
column of liquid 7 makes contact with the element sub- 
strate, or preferably, immediately thereafter. 
[0034] Further, according to this embodiment, it is as- 
sured that the bubble 6 becomes integrated with the at- 
mosphere at a point which is within the liquid flow path 
and is substantially distant from the ejection orifice 5, 
and also that the trailing end of the column of ink 7 
makes contact with the element substrate 1 . Therefore, 
the direction E in which the atmospheric air flows into 
the liquid flow path as the bubble 6 becomes integrated 
with the atmosphere becomes opposite to the ejection 
orifice 5, as shown in Figure 1, (f). As a result, the 
splashing or misting of ink, which occurs when the bub- 
ble 6 becomes integrated with the atmosphere, remains 
within the liquid flow path; the amount of the ink 
splashed or misted out of the ejection orifice 5 is very 
small. Therefore, recording quality is prevented from be- 
ing degrated by the-splashing, misting, or the like of the 
ink. 

[0035] Next, after stretching to a certain length, and 
becoming slim, the column of ink 7 breaks away from 
the ink in the liquid flow path, becoming an ink droplet 
8, as illustrated in Figure 1, (g). The ink droplet 8 lands 
on a piece of recording medium 21 ; in other words, re- 
cording is made. Then, the liquid flow path is supplied 
with the ink 3 from an ink container (unillustrated), 
through a common liquid chamber. As a result, the me- 
niscus M is allowed to return to the opening of the ejec- 
tion orifice 5. In other words, the liquid ejecting head re- 
stores the aforementioned initial stage, becoming ready 
for the next ink ejection operation. 
[0036] Figures 2, (a) - (h), are schematic sectional 
views of the essential portion of another liquid ejecting 
head in accordance with the present invention, and de- 
pict the sequence in which a bubble is formed, and ink 
is ejected, by another ink ejection method in accordance 
with the present invention. The difference between the 
liquid ejecting head illustrated in Figure 1 and the liquid 
ejection head illustrated in Figure 2 is in the shape of 
the ejection orifice of the orifice plate. More specifically, 
in this embodiment, the inward opening of the ejection 
orifice, that is, the opening on the liquid flow path side, 
is greater in size than the outward opening of the ejec- 
tion orifice. Further, the edge portion of the inward open- 
ing of the ejection orifice is rounded. The operational 
difference between the two heads traceable to this 
structural difference between the two will be described 
later. The sequence depicted by Figures 2, (a) - (h), in 
which a bubble is generated, and liquid is ejected, by 



this liquid ejecting method in accordance with the 
present invention, is substantially the same as the se- 
quence depicted by Figures 1 , (a) - (h). 
[0037] Next, a method for measuring the position and 

5 time at which the trailing end of the column of ink 7 
makes contact with the element substrate, and a meth- 
od for measuring the time at which the bubble 6 be- 
comes integrated with the atmosphere, will be de- 
scribed. In principle, the transformation of the bubble 6, 

10 and the state of contact between the bubble 6 and the 
heater 2, are observed with the use of an optical micro- 
scope or the like, while casting pulsating light from a 
strobe, a light emitting diode, or a laser, upon the bubble 
6, from the orifice plate 4 side of a liquid ejecting head, 

15 or from the side surface side of a liquid ejecting head. 
[0038] The position and time at which the trailing end 
of the column of ink 7 comes in contact with the element 
substrate can be recorded by continuously observing, 
from above, the top surface of the heater 2 with the use 

20 of a microscope pre-focused upon the top surface of the 
heater 2. According to this recording method, as the 
trailing end of the column of ink 7 comes close to the top 
surface of the heater 2, upon which the microscope has 
been prefocused, a substantially circular shape, that is 

25 the cross sectional shape of the column of ink 7, begins 
to appear in the field of the microscope. The following 
is the observation of the process of contact between the 
trailing end of the column of ink7 and the heater 2, made 
at the time when the aforementioned cross sectional 

30 shape of the column of ink 7 begins to appear in the field 
of the microscope. Figures 3, (a) - (c), are schematic 
horizontal cross sectional views of the essential portion 
of a liquid ejecting head in accordance with the present 
invention, and sequentially depict the state of the adja- 

35 cencies of the heater 2. While the bubble 6 grows, the 
ink 3 is pushed away from the surface of the heater 2 
by the bubble 6. Then, as the trailing end of the column 
of ink 7 comes close enough to the surface of the heater 
2, the substantially circular shape, that is, the cross sec- 

40 tional shape F of the column of ink 7, appears. 

[0039] The time at which the bubble 6 pops, or be- 
comes integrated with the atmosphere, can be recorded 
by continuously observing the bubble 6 from above the 
orifice plate 4 with the use of another optical microscope 

45 while adjusting the focal distance of the microscope as 
necessary. Further, the conventional structural mem- 
bers of the head may be replaced with transparent struc- 
tural members so that the essential portion of the liquid 
ejecting head can be observed through the side wall of 

50 the head. Also, two or more observational methods may 
be employed in combination. 

[0040] The present invention can be put to practical 
use by designing the measurements and shapes of the 
various components of a liquid ejecting head, the posi- 
55 tion at which a bubble grows, the size of a bubble, the 
physical properties of ink, and the like, in accordance 
with the needs of the user of a liquid ejecting apparatus. 
Hereinafter, the preferred embodiments of the present 
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invention in the form of a liquid ejecting head will be de- 
scribed. However, the present invention is not to be lim- 
ited by these embodiments. 

(Embodiment 1) 

[0041] Figures 4, (a) - (c), are schematic drawings of 
an example of a liquid ejecting head to which a liquid 
ejecting method in accordance with the present inven- 
tion is applicable. Figure 4, (a) is a schematic perspec- 
tive view of aside shooter type liquid ejecting head, and 
depicts the external appearance of the head. Figure 4, 
(b), is a schematic transparent plan of the essential por- 
tion of the head illustrated in Figure 4, (a), and shows 
the ink ejection orifices aligned in two straight lines, the 
ink ejection orifices in one line being staggered from 
those in the other line. Figure 4, (c), is a schematic sec- 
tional view of the head, along a line B-B in Figure 4, (b). 
[0042] In Figure 4, a referential character 1 desig- 
nates an element substrate constituted of a piece of thin 
film of silicon formed with the use of a thin film formation 
technology or the like. On the element substrate 1 , an 
electrothermal transducer as a heater 2 is formed. There 
is disposed an ejection orifice 5 above the heater 2, 
squarely facing the heater 2. More specifically, the ink 
ejecting head is provided with a plurality of ejection or- 
ifices 5, which are aligned in two straight lines, the ejec- 
tion orifices in one line being staggered from those in 
the other line, as illustrated in Figures 4, (a) and (b). The 
element substrate 1 is glued to a portion of a supporting 
member formed in the shape of a letter L. Also to the 
supporting member 32, a wiring substrate 34 is fixed, 
and the actual wiring portion of the wiring substrate 34 
and the wiring portion of the element substrate 1 are 
electrically connected by wire bonding. The supporting 
member 32 is formed of, for example, aluminum in con- 
sideration of processability or the like. A mold member 
33 supports the supporting member 32 by allowing a 
portion of the supporting member 32 to be inserted in 
the mold member 33, and also supplies liquid (for ex- 
ample, ink) to the ejection orifices of the head from a 
liquid storing portion (unillustrated) through the liquid 
flow paths formed in the mold member 33. Further, the 
mold member 33 functions as a member for removably 
attaching the liquid ejecting head in accordance with the 
present invention to a liquid ejecting apparatus, which 
will be described later, and for accurately positioning the 
liquid ejecting head relative to the liquid ejecting appa- 
ratus. 

[0043] The element substrate 1 is provided with a liq- 
uid flow path 35 which is extended through the element 
substrate 1. The liquid supplied through the liquid supply 
path of the mold member 33 is supplied farther to the 
ejection orifices through the liquid flow path 35 of the 
element substrate 1 . The liquid flow path 35 is also con- 
nected to a plurality of liquid flow paths 22, each of which 
leads to an ejection orifice, playing a role as a common 
liquid chamber 



[0044] Referring to Figure 4, (c), this liquid ejecting 
head has an ink supply orifice 1 0, which is formed in the 
bottom portion of the head by anisotropic etching. Ink is 
supplied to all ink flow paths through the ink supply ori- 

s fice 1 0 from an unillustrated ink container. Almost direct- 
ly below each ejection orifice 5, a heater 2 is disposed 
to eject the ink, in the form of an ink droplet, from the 
ejection orifice 5 by giving thermal energy to the ink sup- 
plied through the inkflow path. The liquid flow path com- 

io ponents such as divider walls are formed with the use 
of a well-known manufacturing method which employs 
exposing technologies, etching technologies, and the 
like. 

[0045] The specifications of the liquid ejecting head 

75 used in this embodiment, and the conditions under 
which the head is driven, are as follows. The driving sig- 
nal given to the heater2 is rectangular in waveform, 14.5 
V in voltage, and 4 u.sec in pulse width. The ink is com- 
posed by dissolving C.I. food black 2 in the mixture of 

20 diethylene glycol (20 %) and water (80 %) by 4 %. The 
ejection orifice 5 is a cylindrical hole with a diameter of 
21 um. The size of the heater 2 is 30 ujti x 30 urn. The 
height of a liquid flow path, that is, the height of the gap 
between the substrate 1 and the orifice plate 4, is 1 3 

25 u.m, and the thickness of the orifice plate 4 is 25 urn. 
[0046] The volume of each ink droplet ejected when 
the liquid ejecting head with the above measurement 
and shape was driven was approximately 10x10' 15 m 3 , 
and the ejection velocity was approximately 13 m/sec. 

30 Both the volume and velocity scarcely fluctuated. The 
observation by a microscope revealed that it was 8 psec 
after a driving signal was inputted, when the trailing end 
of the column of ink 7 (interface between bubble 6 (va- 
por) and ink) made contact with the heater 2, and it was 

35 g usee after a driving signal was inputted, when the bub- 
ble 6 became integrated with the atmosphere. In other 
words, the bubble 6 becomes integrated with the atmos- 
phere approximately 1 usee after the column of ink 7 
made contact with the heater 2. Referring to Figure 1 , 

40 (e), the position on the heater 2, with which the trailing 
end of the column of ink 7 made contact was adjacent 
to the cross section of the central axis of the ejection 
orifice 5 and the substrate 1 . According to the continu- 
ous observation by the microscope, when the trailing 

45 end portion of the ink droplet 8 was passing by the ejec- 
tion orifice 5, it was perfectly straight, and the ink droplet 
8 landed on the recording medium 21 with desirable ac- 
curacy. Further, even when a plurality of prints were con- 
tinuously produced, the housing of the recording appa- 

50 ratus was not filled with ink mist, and recording quality 
remained excellent. 

(Comparative Example 1) 

55 [0047] A liquid ejecting head, the orifice plate thick- 
ness of which was reduced to 19 u.m, was produced. 
The specifications of the head except for the orifice plate 
thickness were the same as those of the head in the first 
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embodiment. The volume of each ink droplet ejected 
when this liquid ejecting head was driven was approxi- 
mately 10x10" 15 m 3 , and the ejection velocity was ap- 
proximately 14 m/sec. 

[0048] The observation by a microscope revealed that 
it was 6.5 usee after a driving signal was inputted, when 
the bubble 6 became integrated with the atmosphere. 
The position at which the trailing end N' of the column 
of ink 7 made contact with the heater 2 was not adjacent 
to the cross section of the central axis of the ejection 
orifice 5 and the substrate 1 ; it was closer to a corner of 
the liquid flow path (Figure 11). According to the contin- 
uous observation by the microscope, when the trailing 
end portion of the ink droplet 8 was passing by the ejec- 
tion orifice 5, it did not appear to be perfectly straight; it 
appeared to have a curvature. 

(Comparative Example 2) 

[0049] A liquid ejecting head, the orifice plate thick- 
ness of which was further reduced to 10 u.m, was pro- 
duced. The specifications of the head other than the or- 
ifice plate thickness were the same as those of the head 
in the first embodiment. When this liquid head was driv- 
en, the volume of each ink droplet was approximately 
9x1 0 -1 5 m 3 , and the ejection velocity was approximately 

18 m/sec. 

[0050] The observation by a microscope revealed that 
it was 4.0 u.sec after a driving signal was inputted, when 
the bubble 6 became integrated with the atmosphere. 
This is a rather short time. The trailing end N' of the col- 
umn of ink 7 made contact with the element substrate 
after the integration of the bubble 6 with the atmosphere. 
The position on the heater 2, with which the trailing end 
NT of the column of ink 7 made contact was not adjacent 
to the cross section of the central axis of the ejection 
orifice 5 and the substrate 1 ; it was closer to a corner of 
the liquid flow path (Figure 11). According to the contin- 
uous observation by the microscope, when the trailing 
end portion of the ink droplet 8 was passing by the ejec- 
tion orifice 5, it did not appear to be perfectly straight; it 
appeared to have a curvature. 
[0051] As described above, in the cases of the first 
embodiment, and the first and second comparative ex- 
amples, the operational conditions other than the orifice 
plate thickness were fixed; only the orifice plate thick- 
ness was varied. As a result, it was discovered that the 
threshold value for the orifice plate thickness regarding 
whether or not the column of ink remained straight, and 
the resultant ink droplet flew straight, was approximately 

19 urn This value of 19 urn is not an absolute value. 
Rather, it changes in response to the measurements 
and shapes of various components of a liquid ejecting 
head, the driving condition for each liquid ejecting head, 
and the physical properties of ink, and the like factors. 
Therefore, the orifice plate thickness should be adjusted 
as necessary, which is desirable to create the optimum 
design for a liquid ejecting head. There is a tendency 



that with gradual increase in the orifice plate thickness 
from 25 um, the difference between the liquid ejecting 
method in accordance with the present invention and 
the conventional liquid ejecting method gradually disap- 
s pears. 

(Embodiment 2) 

[0052] Figure 2 is a schematic sectional view of an- 

10 other liquid ejecting head in accordance with the present 
invention. The thickness of the orifice plate 4 of this head 
is 1 9 urn, which is the same as that of the first compar- 
ative embodiment. Also, the ejection orifice 5 of this 
head is tapered. More specifically, the diameter of the 

J5 outward opening of the ejection orifice 5 of the orifice 
plate 4 is 21 u.m, and the diameter of the inward opening 
of the ejection orifice 5, that is, the opening closer to the 
heater 2, is 30 urn. The specifications of this head other 
than the differences described above are the same as 

20 those of the first embodiment. 

[0053] When the liquid ejecting head with the above 
measurement and shape was driven, the volume of 
each ink droplet was approximately 11x10" 15 m 3 , and 
the ejection velocity was approximately 17 m/sec. Both 

25 the volume and velocity scarcely fluctuated. The obser- 
vation by a microscope revealed that it was 7 psec after 
a driving signal was inputted, when the trailing end of 
the column of ink 7 (interface between bubble 6 (vapor) 
and ink) made contact with the heater 2, and it was 7.5 

so usee after a driving signal was inputted, when the bub- 
ble 6 became integrated with the atmosphere. In other 
words, the contact was ahead of the integration; the 
bubble 6 became integrated with the atmosphere ap- 
proximately 0.5 usee after a portion of the interface be- 

35 tween the vapor and liquid made contact with the heater 
2. The position at which the trailing end of the column 
of ink 7 made contact with the heater 2 (Figure 1 , (e)) 
was adjacent to the cross section of the central axis of 
the ejection orifice 5 and the substrate 1 . According to 

40 the continuous observation by the microscope, when 
the trailing end portion of the ink droplet 8 was passing 
by the adjacencies of the ejection orifice 5, it was per- 
fectly straight, and the ink droplet 8 landed on the re- 
cording medium 21 with desirable accuracy. Further, 

45 even when a plurality of prints were continuously pro- 
duced, the housing of the recording apparatus was not 
filled with ink mist, and recording quality remained ex- 
cellent. 



[0054] Figure 6 is a schematic sectional view of an- 
other liquid ejecting head in accordance with the present 
invention. The liquid ejecting head used in this embod- 
55 iment, and the conditions under which the head was 
driven, are as follows. That is, in order to give a rounded 
edge to the inward opening of the ejection orifice 5 of 
the liquid ejecting head, that is, the opening on the liquid 
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flow path side, the orifice plate was formed of nickel by 
electrical casting. The thus formed orifice plate 5 was 
attached to the structural member for the liquid flow 
paths with the use of heat and pressure after being ac- 
curately positioned relative to the structural member. 
[0055] The driving signal given to the heater 2 was 
rectangular in wave-form, 14.5 V in voltage, and 4 psec 
in pulse width. The ink was composed by dissolving C. 

1. -food black 2 in the mixture of diethylene glycol (20 %) 
and water (80 %) by 4 %. The size of the heater 2 is 30 
urn x 30 jim. The height of a liquid flow path, that is, the 
height of the gap between the substrate 1 and the orifice 
plate 4, was 1 3 urn. The thickness of the orifice plate 4 
was 16 \irr\. The ejection orifice 5 of this head was ta- 
pered. More specifically, the diameter of the outward 
opening of the ejection orifice 5 of the orifice plate 4 was 
21 um, and the diameter of the inward opening of the 
ejection orifice 5, that is, the opening closer to the heater 

2, was 33 jim. The ejection orifice 5 was a cylindrical 
hole with a diameter of 21 um. 

[0056] When the liquid ejecting head with the above 
measurement and shape was driven, the volume of an 
ink droplet was approximately 10x10" 15 m 3 , and the 
ejection velocity was approximately 17 m/sec. Both the 
volume and velocity scarcely fluctuated. The observa- 
tion by a microscope revealed that it was 7 psec after a 
driving signal was inputted, when the trailing end of the 
column of ink 7 (interface between bubble 6 (vapor) and 
ink) made contact with the heater 2, and it was 7.5 usee 
after a driving signal was inputted, when the bubble 6 
became integrated with the atmosphere. In other words, 
the bubble 6 becomes integrated with the atmosphere 
approximately 0.5 usee after the column of ink 7 made 
contact with the heater 2. Referring to Figure 2, (e), the 
position on the heater 2, with which the trailing end of 
the column of ink 7 made contact, was adjacent to the 
cross section of the central axis of the ejection orifice 5 
and the substrate 1 . According to the continuous obser- 
vation thereafter by the microscope, when the trailing 
end portion of the ink droplet 8 was passing by the ad- 
jacencies of the ejection orifice 5, it was perfectly 
straight, and the ink droplet 8 landed on the recording 
medium 21 with desirable accuracy. Further, even when 
a plurality of prints were continuously produced, the 
housing of the recording apparatus was not filled with 
ink mist, and recording quality remained excellent. 

(Embodiment 4) 

[0057] A liquid ejecting head, the orifice plate thick- 
ness of which was further reduced to 13 um, was pro- 
duced. The specifications of the head other than the or- 
ifice plate thickness were the same as those of the head 
in the third embodiment. When this liquid ejecting head 
was driven, the volume of each ink droplet was approx- 
imately 10x10 -15 m 3 , and the ejection velocity was ap- 
proximately 18 m/sec. Both the volume and velocity 
scarcely fluctuated. The observation by a microscope 



revealed that it was 6 psec after a driving signal was 
inputted, when the trailing end of the column of ink 7 
(interface between bubble 6 (vapor) and ink) made con- 
tact with the heater 2, and it was 6.5 u.sec after a driving 

5 signal was inputted, when the bubble 6 became inte- 
grated with the atmosphere. In other words, the contact 
between the column of liquid and the heater was ahead 
of the integration of the bubble 6 and the atmosphere; 
the integration of the bubble 6 with the atmosphere was 

10 approximately 0.5 u.sec after the contact between the 
column of ink 7 and the heater 2. The position on the 
heater 2, with which the trailing end of the column of ink 
7 made contact (Figure 2, (e)), was adjacent to the cross 
section of the central axis of the ejection orifice and the 

is substrate 1. According to the continuous observation 
thereafter by the microscope, when the trailing end por- 
tion of the ink droplet 8 was passing by the adjacencies 
of the ejection orifice 5, it was perfectly straight, and the 
ink droplet 8 landed on the recording medium 21 with 

20 desirable accuracy. Further, even when a plurality of 
prints were continuously produced, the housing of the 
recording apparatus was not filled with ink mist, and re- 
cording quality remained excellent. 



[0058] A liquid ejecting head, the orifice plate thick- 
ness of which was further reduced to 10 urn, was pro- 
duced. The specifications of the head other than the or- 

30 ifice plate thickness were the same as those of the head 
in the third embodiment. When this liquid ejecting head 
was driven, the volume of an ink droplet was approxi- 
mately 10x10" 15 m 3 , and the ejection velocity was ap- 
proximately 20 m/sec. Both the volume and velocity 

35 scarcely fluctuated. The observation by a microscope 
revealed that it was 5.5 usee after a driving signal was 
inputted, when the trailing end of the column of ink 7 
(interface between bubble 6 (vapor) and ink) made con- 
tact with the heater 2, and it was 5.5 usee after a driving 

40 signal was inputted, when the bubble 6 became inte- 
grated with the atmosphere. In other words, the contact 
between the column of liquid and the heater was simul- 
taneous with the integration of the bubble 6 and the at- 
mosphere. The position on the heater 2, with which the 

45 trailing end of the column of ink 7 made contact (Figure 
2, (e)), was adjacent to the cross section of the central 
axis of the ejection orifice and the substrate 1 . According 
to the continuous observation thereafter by the micro- 
scope, when the trailing end portion of the ink droplet 8 

50 was passing by the adjacencies of the ejection orifice 5, 
it was perfectly straight, and the ink droplet 8 landed on 
the recording medium 21 with desirable accuracy. Fur- 
ther, even when a plurality of prints were continuously 
produced, the housing of the recording apparatus was 

55 not filled with ink mist, and recording quality remained 
excellent. 

[0059] As is evident from the above description of the 
embodiments, even if the orifice plate thickness is re- 
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duced, ink can be ejected in the form of an ink droplet 
in a desired manner by tapering the ejection orifice 5, 
that is, by making the inward opening of the ejection or- 
ifice, that is, the opening on the liquid flow path side, 
larger than the outward opening of the ejection orifice, 
more specifically, gradually decreasing the diameter of 
the ejection orifice 5 from the inward opening, that is, 
the opening on the liquid flow path side, toward the out- 
ward opening. This is thought to be for the following rea- 
son. That is, according to this tapering design, the size 
of the column of ink 7, which is directly related to the 
liqu id ejection performance of a liqu id ejecting head, can 
be made relatively large. With the relative increase in 
the volume of the column of ink 7, the distance between 
the column of ink 7 and the heater 2 becomes smaller. 
As a result, the bubble 6 becomes integrated with the 
atmosphere directly below the column of ink 7 and di- 
rectly above the heater 2. Consequently, the trajectory 
of an ink droplet is improved; an ink droplet flies straight- 
en Further, being able to use an orifice plate thinner than 
that for a conventional head is important in that it can 
reduce the cost and time necessary for the production 
of a liquid ejecting head. 

[0060] Giving a smooth, rounded edge to the inward 
opening of the ejection orifice, that is, the opening on 
the liquid flow path side, makes it possible to eject a de- 
sirable ink droplet. This is thought to be for the following 
reason. That is, when the edge portion of the inside 
opening of the ejection orifice, that is, the opening on 
the liquid low path side, is smoothly rounded, the inkfilm 
C (Figure 2, (c)) formed between the column of ink 7 
and the bubble 6 can smoothly move around the afore- 
mentioned edge portion. Therefore, the inkfilm C is less 
likely to break; in other words, the bubble 6 is less likely 
to pop at the edge portion, postponing the integration 
between the bubble 6 and the atmosphere. As a result, 
the liquid droplet trajectory is further straightened. 
[0061] Further, making the inside opening of an ejec- 
tion orifice, that is, the opening on the liquid flow path 
side, greater than the outside opening of the ejection 
orifice, preferably by tapering the ejection orifice, and 
also giving a rounded edge to the inside opening of the 
ejection orifice 5, that is, the opening on the liquid flow 
path side, makes it possible to obtain synergistic effects 
from the combination of the effects which are peculiar 
to the correspondent head structures. 
[0062] Next, referring to Figures 7, (a) - (f), a manu- 
facturing method for a liquid ejecting apparatus to which 
a liquid ejecting method in accordance with the present 
invention is applicable will be described. 
[0063] First, referring to Figure 7, (a), a piece of sub- 
strate 1 formed of glass, ceramic, plastic, metallic, or the 
like material is prepared. This type of substrate 1 plays 
a role as one of the structural members for liquid flow 
paths. There is no specific limitation in terms of its shape 
and material as long as it can serve a supporting mem- 
ber for the layers of material which form the ink flow 
paths and ink ejection orifices, which will be described 



later. On the substrate 1, a desired number of ejection 
energy generating means 2, for example, electrother- 
mal transducers or piezoelectric elements, are dis- 
posed. In order to eject recording liquid droplets, in other 

5 words, in order to record images, ejection energy is giv- 
en to the ejection energy generating means 2. When 
electrothermal transducers, for example, are employed 
as the aforementioned ejection energy generating 
means 2, these transducers heat the recording liquid ad- 

io jacent to the transducers, causing the recording liquid 
to change its state so that ejection energy is generated. 
On the other hand, when piezoelectric elements are em- 
ployed, ejection energy is generated by the mechanical 
vibrations of these elements. 

15 [0064] To the ejection energy generating means 2, in- 
put electrodes (unillustrated) are connected, through 
which control signals for activating these elements are 
inputted. Generally, in addition to the ejection energy 
generating means 2, various functional layers such as 

20 a protection layer are provided on the substrate 1 to im- 
prove the durability of these ejection energy generating 
means 2. Provision of such functional layers does not 
contradict the gist of the present invention. 
[0065] In Figure 7, (a), the substrate 1 is provided in 

25 advance with a hole 10 through which ink is supplied 
from the back side of the substrate 1 . As for the method 
for creating the hole 10, any means may be employed 
as long as it can create holes in the substrate 1 . For 
example, it may be a mechanical means such as a drill, 

30 or optical means such as a laser. Further, the hole 10 
may be created by a method which involves resist pat- 
terns and chemical etching. Obviously, the ink supply 
hole 1 0 may be formed in the member in wh ich the ejec- 
tion orifices 5 are formed, instead of being created in the 

35 substrate 1 . In this case, the hole 1 0 is designed into a 
resin pattern. 

[0066] Next, an ink flow path pattern is formed of dis- 
solvable resin, on the substrate 1, so that it covers the 
aforementioned ejection energy generating means 2, as 

40 shown in Figure 7, (a). As for the most commonly used 
method for forming the ink flow path pattern, there is a 
means for forming the pattern with the use of photosen- 
sitive material. But, it is possible to use other means 
such as screen printing. In the case of a photosensitive 

45 material based means, it is possible to use possible re- 
sist, or negative resist with changeable dissolvability, 
because the ink flow path pattern 14 must be dissolva- 
ble. 

[0067] As for the method for forming a resist layer, 
50 when a substrate provided with an ink supply hole is 
used, the resist layer is desired to be formed by lami- 
nating: photosensitive material is dissolved in an appro- 
priate solvent; and the mixture is coated on a piece of 
polyethyleneterephthalate film or the like, and dried to 
55 form a sheet of dry film. As for the material for the dry 
film, it is desired to use photolytic high polymer com- 
pound in the vinylketone group, such as polymethyliso- 
propyl ketone and polyvinyl ketone, forthefollowing rea- 
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son. That is, before being irradiated with light, these 
chemical compounds display the same characteristics 
as high polymer compound; more specifically, they can 
be easily formed into a sheet of extremely thin film, 
which can be easily laid across the ink supply hole. Fur- 
ther, the aforementioned mixture of the photosensitive 
material and solvent may be coated on the substrate 1 
by spin coating, roller coating, or the like method, after 
filling the ink supply hole 1 0 with such filler than can be 
removed in a latter process. 

[0068] Referring to Figure 7, (b), next, a cover resin 
layer 15 is formed by an ordinary spin coating, a roller 
coating, or the like coating method, on the dissolvable 
resin layer 14 formed in the ink flow path pattern, as de- 
scribed above. Regarding the process in which the cov- 
er resin layer 15 is formed, it is important that the solvent 
for the material for the cover resin layer 15 does not de- 
form the dissolvable resin layer 14. More specifically, 
when selecting a solvent for the material for the cover 
resin layer 15, it is necessary to select such a solvent 
that does not dissolve the dissolvable resin layer 14 
while the mixture, which is formed by dissolving the ma- 
terial for the cover resin layer 1 5 into a solvent, is coated 
on the dissolvable resin layer 14 by a spin coating, a 
roller coating, or the like coating method. 
[0069] Here, the cover resin layer 15 will be de- 
scribed. The material for the cover resin layer 15 is de- 
sired to be photosensitive, because ink ejection orifices 
can be easily and precisely formed in such material. Fur- 
ther, the material for the cover resin layer 15 is required 
to have high mechanical strength suitable for structural 
material, adherence to the substrate 1, ink resistance, 
as well as capability to accommodate high resolution 
necessary to create microscopic patterns. It has been 
known that epoxy resin hardened by a cationic polym- 
erization process possesses excellent strength, adher- 
ence, and ink resistance, which are required of the struc- 
tural material for the cover resin layer 1 5, and also that 
when this epoxy resin is in solid state at the normal tem- 
perature, it displays superb characteristic suitable for a 
patterning process. 

[0070] First, epoxy resin hardened by cationic polym- 
erization process is higher is crosslinking density (Tg) 
than epoxy resin hardened with the use of acid anhy- 
dride or amine, and therefore, the former displays su- 
perb characteristics required of structural material. Fur- 
ther, with the use of epoxy resin which is in solid state 
at the normal temperature, the polymerization initiation 
seeds, which generate from the cationic polymerization 
initiator as the resin is irradiated with light, are prevented 
from dispersing into the epoxy resin. Therefore, excel- 
lent patterning accuracy is realized. 
[0071] When forming the cover resin layer on the dis- 
solvable resin layer, it is desired that the cover resin lay- 
er is formed by spin coating the dissolvable resin layer 
with the solution composed by dissolving the resin for 
the cover resin layer, which is in solid state at the normal 
temperature, into a solvent. With the use of spin coating, 



which is one of the thin film coating technologies, the 
cover resin layer 1 5 can be uniformly and also precisely 
formed. As a result, the distance between the ejection 
energy generating means 2 and the ejection orifice (dis- 
s tance OH) can be reduced, which was impossible with 
the use of any of the conventional methods. Conse- 
quently, it becomes possible to easily produce a liquid 
ejecting head capable of ejecting liquid droplets of an 
extremely small size. 
10 [0072] When the aforementioned so-called negative 
type photosensitive material is used as the material for 
the cover resin layer, normally, exposure light is reflect- 
ed by the suitable surface, and also, scum (development 
process residue) is generated. However, according to 
15 the present invention, the ejection orifice pattern is 
formed on the ink flow paths formed of the dissolvable 
resin. Therefore, the effect of the exposure light reflec- 
tion from the substrate surface can be ignored. The 
scum generate during the development process is lifted 
off during the process in which the dissolvable resin 
formed in the ink flow path pattern is washed out. There- 
fore, the scum does not leave any ill effect. 
[0073] As for the epoxy resin which is in solid state at 
the normal temperature, the following can be listed; the 
product of chemical reaction between bisphenol A and 
epychlorohydrine, the molecule weight of which is ap- 
proximately 900 or more, the product of chemical reac- 
tion between bromo containing phenol A and epichloro- 
hydrine, product of chemical reaction between phenol 
novolak, oro-cresol novolak, and epichlorohydrine, mul- 
tifunctional epoxy resin with a skeleton constituted of ox- 
ycyclohexane, which is described in Japanese Laid- 
Open Patent Applications Nos. 161973/1985, 
221121/1988, 9216/1989 and 141219/1990. 
[0074] As for the photo-cationic polymerization initia- 
tor for hardening the aforementioned epoxy resin, it is 
possible to list aromatic iodonium salt, aromatic sulfo- 
nium salt (J. POLYMER SCI: Symposium No. 56 
383-395 (1976)), SP-150, SP-170, and the like, market- 
ed by Asahi Denko Co., Ltd. 

[0075] The above listed photo-cationic polymerization 
initiator may be used together with a reducing agent, so 
that the cationic polymerization is accelerated 
(crosslinking density increases compared to photocati- 
onic polymerization alone). However, when photocati- 
onic polymerization initiator is used along with a reduc- 
ing agent, it is necessary to choose a reducing agent of 
the so-called redox type, that is, such a reducing agent 
that does not react at the normal temperature; more spe- 
cifically, one that reacts only when temperature is above 
the normal temperature (preferably, 60 °C or higher). As 
for such a reducing agent, copper compound, in partic- 
ular, copper triflate (trifluoromethanesulfonated copper 
(II)), is most suitable in consideration of reactivity and 
dissolvability into epoxy resin. Other reducing agents 
such as ascorbic acid or the like are also effective. When 
a much higher crosslinking density is necessary to in- 
crease the number of nozzles (for high speed printing), 
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to make it possible to use nonneutral ink (for improving 
water resistance of coloring agents), or to accomplish 
the like objectives, the crosslinking density can be in- 
creased by dissolving the aforementioned reducing 
agent into the solvent in which the cover resin layer is 
dipped and heated after the process in which the cover 
resin layer is developed. 

[0076] If necessary, additives may be added to the 
aforementioned compound. For example, in order to de- 
crease the elasticity of the epoxy resin, a flexibility in- 
crease agent may be added, or in order to enhance the 
adhesion between the substrate and the cover resin lay- 
er, silane coupler may be added. 
[0077] Next, the cover resin layer 15 formed of the 
aforementioned photosensitive compound is exposed 
through a mask 16 (pattern exposure) as shown in Fig- 
ure 7, (c). Since the photosensitive cover resin layer 15 
is negative, the portions of the layer 15, which corre- 
spond to the ink ejection orifices and electrical connec- 
tion, are shielded by the mask. The exposing ray may 
be chosen from among ultraviolet ray, Deep-ultraviolet 
ray, electron beam, X-rays, and the like, according to 
the photosensitivity range of the employed photocation- 
ic polymerization initiator. 

[0078] In all the manufacturing steps up to this point, 
positioning can be done with the use of a conventional 
photolithographic technology, which makes it possible 
to drastically increase manufacturing accuracy com- 
pared to a method in which an orifice plate and a sub- 
strate are separately manufactured, and then are ad- 
hered to each other. Next, the photosensitive cover resin 
layer 15 exposed through the mask 16 (pattern expo- 
sure) may be heated to accelerate the photolytic reac- 
tion as necessary. Since the photosensitive cover resin 
layer is formed of the epoxy resin which is in solid state 
at the normal temperature as described above, the dis- 
persion of the cationic polymerization seeds generated 
by the pattern exposure are well controlled. Therefore, 
a high level of patterning accuracy can be realized. 
[0079] Next, the photosensitive cover resin layer 15 
exposed through the mask 1 6 is developed with the use 
of an appropriate solvent, creating the ejection orifices 
15 as shown in Figure 7, (d). During this process of dis- 
solving away the unexposed portions of the photosen- 
sitive cover resin layer 1 5, the dissolvable resin layer 1 4 
for forming the ink flow paths may also be dissolved 
away. However, generally, there are disposed a plurality 
of heads of the same or different type on each piece of 
substrate, and they are separated into individual liquid 
ejecting heads through a dicing process. Therefore, in 
order to deal with the refuse during the dicing, the pho- 
tosensitive cover resin layer 1 5 alone may be selectively 
dissolved, so that the dissolvable resin layer 14 for form- 
ing the ink flow paths 22 is left undissolved as shown in 
Figure 7, (d) (resin layer 1 4 remains occupying the spac- 
es which will constitute future ink flow paths, preventing 
the refuse from entering ink flow paths). The resin layer 
14 is dissolved after the dicing (Figure 7, (e)). The scum 



(development residue) which generates while develop- 
ing the photosensitive cover resin layer 15 is dissolved 
away along with the dissolvable resin layer 14, being 
prevented from remaining in the ejection orifices, 
s [0080] When necessary to increase the aforemen- 
tioned crosslinking density, that is, to further harden the 
photosensitive cover resin layer 15, or the orifice plate, 
the orifice plate is dipped and heated in a solution con- 
taining a reducing agent, after the ink flow paths 22 and 
to ejection orifices 15 are formed. With this process, the 
crosslinking density of the photosensitive cover resin 
layer 15, or the orifice plate, is further increased. Also, 
the photosensitive cover resin layer 1 5 is drastically im- 
proved in terms of adhesiveness to the substrate, and 
75 ink resistance. Of course, the process, in which the pho- 
tosensitive cover resin layer 15 is dipped and heated in 
the copper ion containing solution, may be carried out, 
with no problem whatsoever, immediately after the ejec- 
tion orifices 5 are formed by exposing the photosensitive 
cover resin layer 15 through the mask 16 and develop- 
ing it. In this case, the dissolvable resin layer 14 is dis- 
solved out thereafter. 

[0081] As for such a reducing agent, any reductive 
substance may be employed. However, such chemical 
compounds as copper triflate, copper acetate, copper 
benzoate, and the like, which contain copper ions are 
more effective. In particular, copper triflate is extremely 
effective. In addition to the above, ascorbic acid is also 
effective. 

[0082] To the substrate on which the ink flow path and 
ink ejection orifices are formed through the above de- 
scribed steps, electrical connections (unillustrated) for 
driving an ink supplying member 17 and an ejection en- 
ergy generating means 2 are made to complete a liquid 
ejecting head, or an ink jet head (Figure 7, (f)). 
[0083] In the case of the above described manufac- 
ture of a liquid ejecting head, the ejection orifices 5 are 
formed by photolithography. However, the manufacture 
of a liquid ejecting head in accordance with the present 
invention does not need to be limited to the above de- 
scribed method. For example, the ejection orifices 5 
may be formed by dry etching or with the use of an ex- 
cimer laser, employing a mask different from the afore- 
mentioned one. When the ejection orifices 5 are formed 
with the use of an excimer layer or by dry etching, the 
substrate is protected by the resin pattern, being pre- 
vented from being damaged by the laser or plasma, 
which makes it possible to produce a head which is more 
precise and reliable. Also, when the ejection orifices 5 
or the like are formed by dry etching or with the use of 
an excimer laser, thermally curable resin can be used 
as the material for the cover resin layer 15, in addition 
to the photosensitive resin. 

[0084] Next, an example of a liquid ejecting apparatus 
compatible with the aforementioned liquid ejecting head 
will be described. 

[0085] Figure 8 is a schematic perspective view of the 
essential portion of such a liquid ejecting apparatus. A 
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referential character 1 00 designates a carriage on which 
the aforementioned liquid ejecting head is removably in- 
stallable. In this embodiment, four liquid ejecting heads 
are installed corresponding to four inks, as the liquids to 
be ejected, of different color. Four heads are mounted 
on the carriage 100 in combination with the container 
101Y for yellow ink, container 101 M for magenta ink, 
container 101C for cyan ink, and container 101 B for 
black ink, one for one. 

[0086] The carriage 1 00 is supported by a guide shaft 
102, being enabled to be driven forward or backward in 
the direction indicated by an arrow mark A, on the guide 
shaft 1 02, by an endless belt 1 04 driven forward or back- 
ward by a motor 1 03. The endless belt 1 04 is wrapped 
around pulleys 105 and 106. 

[0087] The recording sheet P as recording medium is 
intermittently conveyed in the direction indicated by an 
arrow mark B, which is perpendicular to the arrow A di- 
rection. The recording sheet P is held and carried by a 
pair of roller units 107 and 108 and another pair of roller 
units 1 09 and 210, which are disposed on the upstream 
and downstream sides, respectively, relative to the mov- 
ing direction of the recording sheet P, to give a prede- 
termined amount of tension to the recording sheet P so 
that it is assured that the recording sheet P remains flat 
as it is conveyed. The force for driving each roller unit 
is provided by a driving portion 211 . However, the liquid 
ejecting apparatus may be structured so that the afore- 
mentioned driving motor is also used to drive each roller 
unit. 

[0088] The carriage 100 stops at the home position, 
at the beginning of the recording operation or as neces- 
sary. At this position, there are provided capping mem- 
bers 212 for capping the ejection orifices of each head. 
The capping member 212 is connected to a suction 
based head performance recovery means (unillustrat- 
ed) which sucks the ink (liquid) through the ejection or- 
ifices to prevent the ejection orificesf rom being clogged. 
[0089] Figure 9 is a block diagram for an example of 
a liquid ejecting apparatus in accordance with the 
present invention. The recording apparatus receives 
printing data in the form of control signals from a host 
computer 300. The printing data are temporarily stored 
in an internal input/output interface 301 of the recording 
apparatus. At the same time, they are converted into 
such data that are processable in the recording appara- 
tus, and are inputted into the CPU 302 which doubles 
as a means for supplying head driving signals. The data 
inputted into the CPU 302 are processed by the CPU 
302, based on the control program stored in a ROM 303, 
with the use of peripheral units such as a RAM 304; the 
data are converted into printable data (image data). 
[0090] The CPU 302 also creates driving data for driv- 
ing the driving motor 305 which moves the recording 
sheet P and recording head 200 in synchronism with the 
image data. The image data and motor driving data are 
transmitted to the head 200 and driving motor 306 
through a head driver 307 and a motor driver 305, and 



drive the heads 200 and driving motor 306, respectively, 
with controlled timings, creating an image. 
[0091] Next, an example of an ink jet recording sys- 
tem which records an image on a piece of recording me- 
s dium by using a liquid ejecting head in accordance with 
the present invention as a recording head, will be de- 
scribed. Figure 10 is a schematic perspective view of 
the essential portion of a recording system as an exam- 
ple of a liquid ejecting apparatus in accordance with the 
10 present invention. The liquid ejecting head in this em- 
bodiment is a full-line head, and is equipped with four 
heads 201a - 201 d correspondent to four colors, which 
are yellow (Y), magenta (M), cyan (C), and black (Bk). 
The four heads are fixedly supported in parallel to each 
is other with a predetermined interval, being perpendicular 
to the recording medium conveyance direction, by a 
holder 202. Each head is enabled to cover the entire 
recordable range of a piece of recording medium 150, 
and comprises a plurality of ejection orifices disposed 
in the direction indicated by an arrow mark Y across the 
recordable range with an interval of 360 dpi. 
[0092] To each of the heads 201 a- 21 Od, driving sig- 
nals are supplied from a head driver 307 which consti- 
tutes a driving signal supplying means. Also to each of 
the heads 201a - 201 d, four color inks Y, M, C and Bk 
as the liquids to be ejected are supplied from corre- 
spondent ink containers 204a - 204d. 
[0093] Belowtheheads201a-201d, headcaps203a 
- 203d which contain an ink absorbing member formed 
of sponge or the like material, are correspondingly po- 
sitioned. When the recording heads 201 a - 201 d are not 
in operation, these caps 203a - 203d cover the corre- 
spondent head 201a - 201 d to maintain the head per- 
formance. A referential character 206 designates a con- 
veyer belt which constitutes a means for conveying var- 
ious recording media described in the preceding em- 
bodiments of the present invention. The conveyer belt 
206 is routed through a predetermined path by various 
rollers, and is driven by a driving roller controlled by a 
motor driver 305. 

[0094] The ink jet recording system in this embodi- 
ment comprises a pre-processing apparatus 251 and a 
post-processing apparatus 252. The pre-processing ap- 
paratus 251 is located on the upstream side of the re- 
cording medium conveyance path, and carries out var- 
ious processes upon the recording medium before an 
actual recording process, whereas the post-processing 
apparatus 252 is located on the downstream side and 
carries out various post-processes upon the recording 
medium. The content of the pre-and post-processings 
varies depending upon the type of recording medium 
upon which recording is made, or ink type. For example, 
the recording medium such as metal, plastic or ceramic 
is exposed to ultraviolet rays and ozone prior to record- 
ing to activate the surface of the recording medium so 
that ink adhesion to the recording medium is improved. 
In the case of recording medium such as plastic, which 
easily collects static electricity, dust is liable to adhere 



25 



30 



35 



40 



45 



50 



12 



23 



EP 0 953 445 A2 



24 



to the surface of the recording medium due to the static 
electricity, and this dust sometimes interferes with re- 
cording. In such a case, an ionizing apparatus may be 
used to remove the static electricity from the recording 
medium prior to recording so that the dust is released 
from the recording medium. Further, when fabric is used 
as the recording medium, the fabric may be treated with 
a substance selected from among an alkaline sub- 
stance, a water soluble substance, a synthetic high pol- 
ymer, water soluble metallic salt, urea, and thiourea pri- 
or to printing. The selection of pre-processings is not 
limited to those listed above. For example, a process for 
adjusting the recording medium temperature to a proper 
temperature for printing may be employed. As for the 
post-processing, the recording medium on which ink 
has been adhered may be thermally treated to fix the 
ink to the recording medium, or may be irradiated with 
ultraviolet rays to promote the fixation of the ink to the 
recording medium. Also, the processing agents which 
have been used in the pre-processing and remain inac- 
tivated in or on the recording medium are washed away. 
[0095] The present invention is such an invention that 
is applicable to a printer, as a peripheral image output- 
ting apparatus for an information processing apparatus 
such as a computer, which records an image on a piece 
of recording medium by ejecting liquid in the form of a 
liquid droplet. It is also applicable to a copying machine 
integrated with a reader or the like, a facsimile machine 
with sending and receiving functions, an information 
processing apparatus, such as a word processor, 
equipped with a printing portion. Further, it is applicable 
to an industrial recording apparatus, or an industrial re- 
cording system, intricately integrated with various 
processing apparatuses. Aterm "recording" inthis spec- 
ification means "providing" a piece of recording medium 
with not only images, such as characters or graphics, 
which have specific meaning, but also meaningless pat- 
terns. 

[0096] The liquid to be ejected may be selected from 
among various substances such as ink which can be 
made to be in liquid form at least at the moment of ejec- 
tion. For example, it may be an ink which is in a solid 
state at the normal temperature but liquefies above a 
certain temperature. In other words, it does not matter 
whether a substance is in a solid state at the normal tem- 
perature or not, as long as it can be in a liquid state at 
the moment of ejection. As for recording medium, the 
following may be listed: paper, thread, fiber, woven ma- 
terial, leather, metal, plastic (for example, OHP sheet, 
compact disc, ornamental plate, or the like), glass (for 
example, color filter, or the like), lumber, ceramic, or ma- 
terial with three dimensional network structure, for ex- 
ample, sponge. 

[0097] While the invention has been described with 
reference to the structures disclosed herein , it is not con- 
fined to the details set forth and this application is in- 
tended to cover such modifications or changes as may 
come within the purposes of thd improvements or the 
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Claims 



A liquid ejection method wherein a bubble is created 
in the liquid on a heat generating member provided 
on a substrate by thermal energy generated by the 
heat generating member, by which a droplet of the 
liquid is ejected, said method comprising the steps 
of: 

contacting to said substrate such a portion of 
gas-liquid interface between the bubble and the 
liquid as is not contacted to the substrate by de- 
formation of the bubble: and 
causing the bubble to be in fluid communication 
with ambiance simultaneously with or after the 
contact between the portion and the substrate. 

A method according to claim 1 , wherein the contact 
between the portion and the substrate occurs dur- 
ing collapsing period of the bubble. 

A method according to claim 1 , wherein the bubble 
takes a semi-circular shape when the portion is con- 
tacted to the substrate. 

A method according to claim 1 , wherein the portion 
becomes a trailing edge of a column of the liquid to 
be formed into the droplet. 

A method according to claim 1 , wherein a portion to 
which the portion of the interface is contacted is a 
portion of the heat generating member. 



5. 



6. A method according to claim 1 , wherein the bubble 
is created by nuclear boiling of the liquid. 

40 7. A liquid ejection head comprising: 



an ejection outlet for ejecting of droplet of liquid; 
a liquid passage in fluid communication with the 
said ejection outlet; 

a heat generating member dispose opposed to 
said ejection outlet to generate thermal energy 
contributable to eject the liquid through the 
ejection outlet by creation of the bubble in the 
liquid passage; 

a substrate on which said heat generating 
member is disposed; 

wherein such a portion of gas-liquid interface 
between the bubble and the liquid as is not con- 
tacted to the substrate is contacted to said sub- 
strate by the formation of the bubble, and the 
bubble is caused to be in fluid communication 
with ambiance simultaneously with or after the 
contact between the portion and the substrate. 
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8. A liquid ejection head according to claim 7, wherein 
the contact between the portion and the substrate 
occurs during collapsing period of the bubble. 

9. A liquid ejection head according to claim 7, wherein s 
the bubble takes a semi-circular shape when the 
portion this contacted to the substrate. 

10. A liquid ejection head according to claim 7, wherein 

the portion becomes a trailing edge of a column of to 
the liquid to be formed into the droplet. 

11. A liquid ejection head according to claim 7, wherein 
a portion to which the portion of the interface is con- 
tacted is a portion of the heat generating member. is 

1 2. A liquid ejection head according to claim 7, wherein 
the portion is contacted to said substrate within a 
range of projection of the outside of the ejection out- 
let toward the substrate. 20 

13. A liquid ejection head according to claim 7 or 11, 
wherein the portion this contacted to said substrate 
within a range of protection of the inside of the ejec- 
tion outlet toward the substrate. 25 

14. A liquid ejection head according to claim 7, wherein 
the bubble leaves created by nuclear boiling of the 
liquid. 

30 

15. A liquid ejection head according to claim 7, wherein 
an inside of said ejection outlet has a cross-section- 
al area feet is larger than that of an outside of said 
ejection outlet. 

35 

16. A liquid ejection head according to claim 15, where- 
in said ejection outlet has a cross-sectional area 
which decreases from the inside thereof to the out- 
side thereof. 

40 

17. A liquid ejection head according to claim 7, 15 or 
16, wherein condescending edge of said ejection 
outlet is curved. 

18. A liquid ejection apparatus comprising a liquid ejec- 45 
tion head according to claim 7 further comprising a 
driving circuit for applying a driving signal to send 
heat generating member of said liquid ejection 
head. 

so 

19. A liquid ejection apparatus comprising a liquid ejec- 
tion head according to claim 7 further comprising 
means forfeeding a recording material on which the 
liquid ejected through said ejection outlet of said the 
liquid ejection head is deposited. 55 

20. A liquid ejection head, such as an ink jet head, hav- 
ing a substrate carrying a heater for supplying heat 



to cause generation of a bubble for ejecting liquid 
from an ejection outlet of the head, the arrangement 
of the head being such that in use of the head a 
portion of the gas-liquid interface of a bubble gen- 
erated by the heater is brought into contact with the 
substrate during the process of liquid ejection and 
the bubble communicates with atmosphere simul- 
taneously with or after said portion contacts the sub- 
strate. 

21. A liquid ejection apparatus for ejecting liquid using 
an ejection head such as an ink jet head, having 
means for causing a heater carried by a substrate 
of the head to supply heat to cause generation of a 
bubble for ejecting liquid from an ejection outlet of 
the head such that a portion of the gas-liquid inter- 
face of the bubble is brought into contact with the 
substrate during the process of liquid ejection and 
the bubble communicates with atmosphere simul- 
taneously with or after said portion contacts the sub- 
strate. 
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